Introduction
Several large multicentre trials have identified the patients with carotid atherosclerosis who may benefit from carotid endarterectomy (CEA) in the prevention of stroke. 1-~ The established practice for CEA, which includes preoperative contrast arteriography (CA), routine 24h admission in the intensive care unit (ICU) and several days of postoperative hospital stay, has been challenged by several authors, 5-~° who have shown that an alteration of the protocol in order to reduce the drain of resources may be accomplished without compromising quality of care and patient safety.
Containment of health care costs and optimisation of resource utilisation is becoming a priority in sanitary policies worldwide. Since 1 January 1995 the Italian government has been financing the national health care system employing the Diagnosis Related Groups (DRG) method. DRG 005 (Extracranial Vascular Procedures) reimburses the hospital 4054 ECU. The DRG * Please address all correspondence to: Dr. G. Melissano. method implies a prospective payment; therefore the health care product changes from a day of care to an entire case or episode of illness, changing the way we plan, manage and think about health care itself. 11 Many surgeons are thus becoming better at utilising hospital resources more efficiently.
The purpose of this study was to evaluate the safety and cost effectiveness of CEA, with alterations to the perioperative protocol in an attempt to decrease resource utilisation. vertebral artery revascularisation; patients who underwent combined myocardial revascularisation and CEA (DRG-107) were also excluded from the study. The indications for surgery were according to the Guidelines of the AHA~2; 217 (57.1%) cases were operated on for transient ischaemic attacks or amaurosis fugax and 60 (15.8%) for a prior stroke; 26 (6.8%) patients had a residual disability. One hundred and three (27.1%) patients were asymptomatic.
Patients and Methods

In
After several years of experience (1988-1994) of more than 600 carotid procedures, we defined the following protocol that was implemented prospectively for the patients who underwent elective carotid surgery at our institution in 1995. All of the patients were seen at one of the surgeons' offices once they had undergone duplex sonography (DS) as a screening procedure. The patients were evaluated with particular regard to neurological and cardiac status; the latter evaluated on the basis of history and resting ECG; Dipiridamole-Thallium scan being scheduled if the clinical or electrocardiographic picture warranted it. After hospital admission, routine preoperative tests were performed and DS repeated at our own laboratory. Contrast angiography (CA) was performed selectively in patients with questionable DS scans (particularly if occlusion of the ICA was suspected), in patients with technically inadequate DS scans, or with an atypical disease pattern. Magnetic resonance angiography (MRA) was used when further evaluation is required after DS, if CA was contraindicated, or not advisable. Brain computed tomography (CT) scan was obtained in all patients. An independent neurologist established the preoperative baseline neurological status. During the preoperative anaesthetic consultation the anaesthesiologist will also explain to the patient the details of the cervical block procedure. The occasional patient whose psychological condition represented a contraindication to regional anaesthesia would be scheduled for a general anaesthesia.
As most procedures were performed with a regional cervical block, the neurological status could be monitored during carotid cross-clamping. When general anaesthesia was needed, EEG monitoring was performed. A Javid shunt was only used selectively when neurological or EEG modifications ensued. The surgical technique was chosen selectively on the basis of the intraoperative findings: eversion endarterectomy performed when kinking or elongation is present and a collagen-coated, ultra-thin knitted polyester patch (HemaCarotid Patch TM from Intervascular TM, France) applied when a small (<5 mm) ICA was present. Intraoperative completion angiography by direct puncture of the CCA was performed routinely. A silicone drain was placed routinely before wound closure and usually removed on the first postoperative day.
Postoperative monitoring was carried out in the recovery room for at least 3 h. The patient was then moved to either the surgical ward or the ICU if respiratory assistance was required or for unstable haemodynamic conditions. In the surgical ward the patients were checked overnight at half-hourly intervals with non-invasive blood pressure, ECG and 02 saturation by well trained nursing staff who also inspected the neck wound and the drain, plus neurological status. Cardiovascular instability and any new symptoms, even if questionable, were immediately reported to the surgeon. On the first postoperative morning the wound was inspected by the surgeon and the drain removed. The neurological status was again checked by an independent neurologist. If the patient was stable from a cardiovascular and neurological standpoint, the ECG unchanged and the patient was afebrile with a dry wound without any neck swelling, discharge from the hospital was scheduled for later the same day. The patient was then seen at the outpatient clinic on the fifth postoperative day to remove the skin staples. Follow-up DS was scheduled at 1, 3, 6 months, and then on a yearly basis.
Results
Contrast arteriography was performed in 56 cases (14.7%), with no neurological, cardiac, or renal complications; MRA was performed in 11 cases (2.9%). During the perioperative period in this series of 380 consecutive CEAs, there was one death (0.26%). The cause of death was acute myocardial infarction on the third postoperative day in a 72-year-old woman. There were five major strokes with residual deficit, and three minor strokes or TIAs with full recovery (neurological morbidity 1.58%). Seven patients (1.8%) needed to be brought back to the operating room because of excessive bleeding from the drain or cervical haematoma, always on the day of the operation. Patch disruption, bleeding from the suture holes or suture rupture was not observed. None of the patients required readmission due to haemorrhage, infection, hypertension, hypotension or other cardiac or cerebral symptoms. During the 30-day postsurgery period, no additional mortality or morbidity was recorded. Duplex sonography performed i month after surgery was available in 96% of cases; however, the 15 patients who did not attend were also known to be alive and well at that time. The average hospital stay was 5 days (range 3-26 days) at a cost of 3036 ECU, as compared with a cost of 6764 ECU for a patient treated traditionally with preoperative CA, general anaesthesia and overnight ICU admission (Tables 1 and 2 ).
Discussion and Conclusions
The consequences of stroke may be devastating not only for the patient and his family but also for society. The financial burden includes direct medical costs for acute treatment, rehabilitation and long-term disability, as well as lost wages. Bamford J. in Britain has estimated that the cost of one stroke is £45 000, 23 Persson U. in Sweden has estimated a cost between US$30 000 and US$60 000.14 The prevention of stroke is an important public health issue. 15-1s Trials on symptomatic patients with high grade stenosis (>70%) suggest that operating on 100 patients would lead to 17 fewer strokes over 2 years. 1 For asymptomatic patients, due to the lower frequency of stroke, the cost effectiveness of the procedure will be less than for symptomatic ones12; however, CEA may also have a role in the prevention of stroke in asymptomatic patients. 4 The factors contributing to preoperative and postoperative LOS are different. Preoperative LOS reflects the ability of the institution to organise diagnostic workup efficiently on an outpatient basis and it also reflects the referral pattern of the institution. Twentytwo percent of all our patients are referred from a different region and require a longer preoperative hospitalisation in order to accomplish the diagnostic workup. Ideally the patient could be admitted on the same day of surgery, and this approach has been proven to be feasible by several American authors. 6' 7 Unfortunately, it is not yet the case at our institution. Significantly, our average preoperative LOS is longer than the postoperative one. This leaves us with a wide margin for further improvement in this area. Postoperative LOS, on the other hand, reflects "conformance to quality standards". Patients with a longer LOS are the ones who require more intensive treatment and more extensive use of resources. 6 For instance, patients with neurological complications had an 
average postoperative LOS of 9.5 days, as compared to 1.5 in patients without neurological morbidity. The choice of preoperative diagnostic tests has an impact not only on the global cost of the procedure, but also on long-term patient outcome. The workup must include an imaging modality that defines the presence, location and severity of carotid artery disease. Duplex sonography performed in a qualified laboratory, whose results have been consistently validated by comparison with CA, is accepted by several authors as a satisfactory preoperative test. 19 25 The issue of whether to continue performing CA routinely involves considering the long-term benefits and risks of an accurate test such as CA that has an immediate risk of stroke (1.2% in the ACAS trial 4) vs. those of a non-invasive test that is less accurate. According to the data from the NASCET trial, missing a 70-99% stenosis in a symptomatic patient and therefore denying appropriate surgical treatment would incur an additional risk of stroke of 15% during the ensuing 2 years. 1 We realise that it has been shown that CT can be used selectively in patients with stroke or questionable symptoms without compromising the safety of the procedure. 26 As the lack of a thorough diagnostic workup could be relevant from a medico-legal standpoint, we feel that more evidence should be gathered before we abandon routine brain CT scans before CEA.
The choice of the anaesthesia is one of the unresolved issues in carotid surgery. We are aware that general anaesthesia and short hospital stays are possibleY However, we have come to appreciate more and more the advantages of cervical block anaesthesia, which can be performed outside the operating room as long as monitoring facilities are available and the block is performed in a timely fashion. The patient is fully awake during the procedure and neurological status during cross-clamping offers an excellent means of monitoring the need for shunting, as Greater haemodynamic stability has been shown by several authors [29] [30] [31] [32] [33] [34] with this anaesthesia, which also provides prolonged pain relief in the neck at the end of the procedure. Training of the anaesthesiologists is crucial, and after the learning curve that is to be expected for a new procedure, excellent analgesia is obtained in most patients with little morbidity. Cervical block anaesthesia allowed us to save at least 30 min of global operating room time as compared to general anaesthesia.
The choice of the surgical procedure is again a much debated issue, and good results have been reported with all the commonly used techniques. We prefer a selective approach based on the intraoperative findings, and selective use of the shunt. In the analysis of costs the surgical time was not significantly modified by the choice of the technique. When a synthetic patch is used, its cost should be considered. On the other hand, the inclusion of residents and surgeons in training in the team do affect the overall surgical time, which is rather long in our series compared to the clamping times. Technical accuracy is never compromised for speed, and the results are verified angiographically in every single case.
Selective admission to the ICU after CEA is supported by several authors. [35] [36] [37] In our series only a very small percentage of the patients were admitted to the ICU, and none was transferred to the ICU after admission to the surgical ward. This was made possible by intensive training of the nursing staff, the presence of a surgical resident on the ward round the clock, and the availability of non-invasive monitoring instruments on the ward. Untoward events such as patch disruption or cerebral haemorrhage may occur within a few days of CEA. However, none were recorded in this series and the absence of readmissions confirms that longer hospital stays would not have brought any benefit to these patients. Patients referred from different regions are, however, when discharged early, asked to stay in town until they are seen again as outpatients to remove the skin staples.
In conclusion, these results show that selective use of arteriography and ICU, routine use of regional anaesthesia and reduced hospital stay make it possible to lower the cost of carotid surgery without sacrificing quality.
